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The interaction of a nanosize coating with HC1 solutions proceeds in two stages. I. Swelling of the coating is 
accompanied by an increase of its index of refraction as a result of the air present in the pores in the film being 
replaced by the more strongly refracting solution and washing of the more weakly refracting oxides, penetrat¬ 
ing from the glass substrate, out of the coating. II. Dissolution of the coating is accompanied by a decrease of 
its thickness and index of refraction. The overall result is expressed as an increase or decrease of these indica¬ 
tors depending on which of the indicated processes predominates. 
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Composites consisting of a substrate of colorless sheet 
float-glass coated with a functional nanosize film are widely 
used for fenestration in modem constmction and architecture 
[ 1 , 2 ]. 

The main requirement for any material coming into con¬ 
tact with the ambient environment is to remain functional 
over a long period of time. For light and sun screening com¬ 
posites the main characteristics are optical — the light trans¬ 
mission and reflection coefficients. The fine dust, moisture 
and active gases present in air affect nanosize coatings, 
changing the composite’s properties - dust has an abrasive 
effect and degrades the state of the surface; moisture and ac¬ 
tive gases partially dissolve a nanosize layer or leach indivi¬ 
dual components out of it, changing unpredictably the com¬ 
position, index of refraction and reflection coefficient of the 
composite. 

The objective of the present work is to determine the 
changes produced in the refractive index of composites with 
nanosize coatings by hydrochloric acid solutions. 

Large-size glass (1100 x 2000 x 4 mm) coated with a 
high-reflectivity multicomponent sol-gel film was used for 
these studies [3]. Samples with dimension 50 x 50 x 4 mm 
were cut from the glass. They were kept at room temperature 
in water solutions of hydrochloric acid with different normal 
concentration ranging from 0.01 to 0.5 N. The duration of 
the interaction was varied from 1 to 60 min. The index of re¬ 
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fraction n and thickness h of the films before etching (« ini , 
h mi ), after etching ( n etch , h etch ) and after etching followed by 
firing at temperature 450°C (/7 ctch f , /z ctch ,-) were measured 

r 

with an LEF ZM 1 ellipsometer. 

The low firing temperature of the composite, which is re¬ 
quired to secure the nanosize coating and remove from it 
moisture, residues of the solvent and decomposition of the 
initial components used to prepare film-forming solutions, is 
limited by the temperature at which the glass substrate starts 
to deform and is probably too low for all components to melt 
and interact with a full-fledged inorganic polymer — a 
glassy coating — being formed. 

This is confirmed by results obtained in [4], where the 
dependence of the melting temperature on the size of the alu¬ 
minum powder particles is calculated theoretically and con¬ 
firmed in practice. Aluminum with 5 nm particles melts at 
880 K; reducing the particle size to 1.6 nm lowers the tem¬ 
perature to 780 K, which is 50 - 150 K lower than the tabu¬ 
lated value 933 K [5]. 

The melting temperature of the filming-forming compo¬ 
sition used in this work cannot be predicted because there are 
no data on the equilibrium diagram of the three-component 
system Bi 2 03 -Fe 2 03 -Ti 02 . Since the melting temperatures 
of the initial oxides are 2143 K (Ti0 2 ), 1838 K (Fe 2 0 3 ) and 
1098 K (Bi 2 0 3 ) and the maximum transverse size of the 
cord-shaped pseudo-dipolar particles in the coating is 50 nm, 
it is doubtful that full-fledged melting and interaction of all 
components will occur at firing temperature 723 K. For this 
reason it can be conjectured that the coating comprises a 
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TABLE 1. Index of Refraction and Thickness of Nanosize Coatings Treated with HC1 Solutions with Different Concentrations C and Treat¬ 
ment Times x 
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Refractive index of coating* 




C, N 

x, min 
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w etch 

A/7] 

At? j /T? ini , % 

^etch.f 
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2.07 

0.10 
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30 
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1.73 
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3.31 

0.01 

60 
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2.06 

0.06 
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30 
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1.77 

2.08 
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0.08 
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0.05 

60 
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2.42 

1.99 
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1 
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2.16 
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30 
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60 
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1.98 
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1 
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2.07 
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4.83 
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30 
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60 

2.01 


1.94 
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-3.37 

1.89 

-0.12 
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26 
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2 
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xerogel with a definite glassy phase fraction and residual po¬ 
rosity. 

The interaction of a nanosize coating with a corrosive 
liquid medium is comprised of two competing phenomena. 
Swelling occurring when liquid penetrates into the pores of 
the xerogel is accompanied by displacement of the more 
weakly refracting air and an increase of the refractive index 
of the coating in accordance with the expression [6] 

"eff = "1 - p °("i - "3) - ("2 “ "3 )K p / p o )> (!) 

where n p n 2 and n 3 are the refractive indices of the layer ma¬ 
terial, adsorbed water and air, respectively; f(P/P 0 ) is the 
adsorption isotherm expressed in general form; and, Po is the 
porosity. 

The increase of the refractive index can also be due to 
low-refracting sodium oxide, penetrating from the glass sub¬ 


strate during deposition and subsequent firing of the 
nanosize film, being washed out of the coating. This is sup¬ 
ported by the observation of sodium oxide in hydrochloric 
acid solutions after the samples have been etched. 

The thickness of the layer after interaction (etching) in¬ 
creases at the same time. In the chemistry of high-molecular 
compounds, any increase of the thickness of the sample is es¬ 
timated by the degree of swelling 


m Q 

where m 0 and m are the mass of the initial and swollen poly¬ 
mer, respectively. 

The swelling can be limited, when a reaches a constant 
magnitude, or unlimited, when a passes through a maxi- 
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Fig. 1 . Change of the refractive index n 
and thickness h of nanosize coatings as a 
function of the etching time. The hydro¬ 
chloric acid solution concentration is in¬ 
dicated on the plots. 



mum, after which the polymer dissolves. In this case the 
swelling is the initial stage of dissolution [7]. 

The second stage of the interaction, which is superposed 
on the swelling, is dissolution of the coating. The thickness 
decreases evenly. The refractive index also decreases be¬ 
cause the low-refracting oxides penetrating from the sub¬ 
strate increase in the residual nanosize coating layer. Theo¬ 
retical calculations (neglecting the porosity of the nanosize 
coating and the oxides which have penetrated from the sub¬ 
strate very likely being washed out) show that such a thick¬ 
ness change can decrease n by almost 5% (from 2.43 to 
2.31). 

To determine the true change of the thickness and refrac¬ 
tive index of the nanosize layer any effect due to swelling 
must be ruled out. For this, the etched samples were sub¬ 
jected to repeated firing. 

Since the effects due to swelling and dissolution are 
superposed on one another as a result of the interaction of a 
nanosize layer with the acid solution, the overall result can 
be expressed as an increase or decrease of the thickness or 
index of refraction depending on which of these two pro¬ 
cesses dominates in a concrete etching regime. 

To determine the combined effect of swelling and disso¬ 
lution on the characteristics of a nanosize coating the relative 
(with respect to the initial values) changes of the refractive 
index A n x = n etch - n m and thickness A h x = /z etch - h mi of the 


films after treatment in hydrochloric acid were calculated. 
The values of A n 2 = n etch f ~ n mi an d A/z 2 = h ini - h etch f make it 
possible to judge the change of the indices as a result of the 
dissolution of the coatings. Finally, the quantities An 3 = 

^etch.f ~ ^etch an d A/z 3 = ^etch ~ ^etch.f make it possible to deter¬ 
mine quantitatively the effect due to swelling and the effect 
of swelling on the refractive index. 

Analysis of the experimental results (see Table 1 and 
Figs. 1 and 2) shows that as the concentration of the hydro¬ 
chloric acid solution and the duration of the action of the acid 
on the samples increase the values of the A h x and A n l de¬ 
crease systematically. The differential A h Y increases only 
when the concentration of the etching solution is low and the 
interaction is brief. In this case, probably, a nanosize coating 
swells without dissolving appreciably. 

The change of the refractive index of the film resulting 
from the dissolution of the coating, estimated by the value of 
An 2 , decreases with increasing acid solution concentration 
and increasing etch time. 

The dissolution rate of the coating, expressed as the in¬ 
crease in A/j 2 , increases at the same time. The effect of a 
0.01 N solution is an exception: prolongation of etching 
slows down dissolution and decreases A h 2 . 

The effect of swelling A h 3 becomes weaker with increas¬ 
ing solution concentration and interaction time because the 
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Fig. 2. Change of the refractive index and 
thickness of nanosize coating as a function of 
the acid solution concentration. The etching 
time (in min) is indicated in the plots. 



Fig. 3. Interrelation of refractive index and 
thickness changes at different stages of the in¬ 
teraction of nanosize coatings with an acid so¬ 
lution. The normal acid concentration is indi¬ 
cated on each plot. The changes of the parame¬ 
ters at each stage are: S) swelling; S + D ) 
swelling + dissolution (after the films are 
etched); D ) dissolution (after etching with 
subsequent firing). 


dissolution of the nanosize coating intensifies. When sam¬ 
ples are held for a short time 1 min the increase of the swell¬ 
ing is proportional to the solution concentration. Probably, 
the dissolution processes cannot develop over such a short 
period of time. 

The value of A n 3 decreases as the concentration of the 
etching solution and the interaction time increase. Only an 
increase of the holding time at 0.01 N has virtually no effect 
on the change in this parameter. 

The results of the studies are summarized in Fig. 3. 

The thickness increment resulting from swelling is al¬ 
ways accompanied by an increase of n of nanosize coatings 
because of pores being filled by a high-refracting (compared 
with air) acid solution. 

The interrelation of thickness and refractive index 
changes at the swelling + dissolution stage is in direct 
(0.05 N solution plots in Fig. 3) or inverse (0.05 N solution 
plots) proportion depending on whether swelling (holding in 
a 0.05 N solution) or dissolution (holding in a 0.05 N solu¬ 
tion) dominates in a concrete process. It should be noted that 
no swelling is observed after the samples were held in a 
0.05 N acid solution for 30 and 60 min; the thickness of a 
nanosize coating immediately after etching is less than the 
initial value. 


The thickness dependence of the refractive index at the 
dissolution stage is in direct or inverse proportion. Swelling 
intensifies the washing of low-refraction oxides, migrating 
from the substrate, out of the body of the nanosize coating, 
and if the dissolution of the film is negligible, the refractive 
index of the residual layer will increase, as observed in the 
case of holding in a 0.05 N solution. In the absence of or very 
small swelling (etching in a 0.05 N solution) there is virtu¬ 
ally no washing out, and after dissolution the material of the 
residual layer of the nanosize coating becomes enriched with 
the low-refraction component of the substrate, the enrich¬ 
ment being all the greater, the more intense the dissolution. 

In summary, the interaction of a nanosize coating with a 
liquid aggressive medium is comprised of two opposing 
stages. The swelling due to the penetration of the liquid into 
the pores in xerogel is accompanied by an increase of the 
thickness of the nanosize coating and at the same time the 
acid solution replaces low-refraction air in the pores in the 
body of the film. In addition, an increase of the refractive in¬ 
dex could be due to low-refraction oxides, penetrating from 
the glass substrate during deposition of a nanosize film, be¬ 
ing washed out of the coating material. 

The second stage of the interaction is dissolution of the 
coating. In this process the thickness decreases in a regular 
manner. The refractive index decreases because of the in- 
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crease in the residual layer of the nanosize coating of low-re- 
fraction oxides of the glass substrate. 

The overall results can be expressed as in increase or de¬ 
crease of the thickness and index of refraction depending on 
which process dominates in a concrete etching regime. 

REFERENCES 

1. A. B. Atkarslcaya, “Sol-gel coatings on float glass,” Steklo 
Keram., No. 4, 5 - 6 (2006); A. B. Atkarskaya, “Sol-gel coatings 
on float glass,” Glass Ceram., 63(3 - 4), 107- 109 (2006). 

2. Tomonaga Hirouyuki, Morimoto Takishi, and Sunahar Kazuo, 
IR Radiation Screening Glass, EPV Patent 1541536, MKI 7 


317 


C03C17/25; Asachi Glass Co., No. 03771402.9; July 29, 2003, 
published June 15, 2005. 

3. A. B. Atkarskaya, V. I. Borul’ko and V. Yu. Goikhman, “Heat-re¬ 
flecting coating for glass, Inventor’s Certificate No. 1799856,” 
Byul. Izobr., No. 9, 157 (1993). 

4. A. A. Barybin and V. I. Shapovalov, “Differential equation for 
the melting temperature of small particles,” Pis’ma Zh. Tehh. 
Fiz., 36(22), 69-75 (2010). 

5. V. A. Rabinovich and Z. Ya. Kliavin, Brief Chemical Handbook 
[in Russian], Khimiya, Leningrad (1978). 

6. R G. Cheremskoi, V. V. Slezov and V. P. Betekhshin, Pores in 
Solids [in Russian], Energoatomizdat, Moscow (1990). 

7. D. A. Fanderlik, Course in Colloidal Chemistry [in Russian], 
Khimiya, Leningrad (1974). 


